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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DgSCRIPTION . 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention tends to attain lightweight-izing of rubber goods, and the enhancement in 
endurance by giving the fatigue resistance which was excellent in especially the steel code with high tensile strength about 
the technique of manufacturing the steel code and this code which are used as reinforcing materials of rubber goods, such 
as a pneumatic tire and a conveyor belt. 
[0002] 

[Description of the Prior Art] Improving [ the fatigue resistance of a steel code ] ** is advantageous to especially the 
improvement of the thing for which the tensile strength of the steel code with which rubber goods are reinforced is raised 
to lightweight-ization of rubber goods, and rubber goods are reinforced with a fewer or thinner steel code, and the 
endurance of rubber goods. Therefore, the request to the intensity of a steel code and fatigue-resistant enhancement is still 
stronger. 

[0003] The thing for which the carbon content of the wire rod used as the raw material of a steel code is raised rather than 
a common wire rod as the technique of improving the intensity of a steel code, raising the rate of a wire drawing, etc. are 
proposed. However, if the carbon content of a strand is raised or the rate of a wire drawing is enlarged, a new problem 
[ say / that the fatigue resistance of a steel code is spoiled ] will occur. Then, in order to improve the fatigue resistance of 
a code, composition of the wire rod used as the raw material of a steel code is high-alloy-ized, an organization is made 
into a fine pearlite or the attempt of decreasing the nonmetallic inclusion contained in a wire rod is made. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in order to use an expensive element, and for the raw material cost 
of a steel code to go up and to, decrease the nonmetallic inclusion in a wire rod as much as possible on the other hand, a 
manufacturing process becomes complicated, imitates the increase of a cost, and is economically disadvantageous anyway 
the ** sake. Even if it manufactured the steel code using still such a wire rod, there was a case where high tensile strength 
and high fatigue resistance could not necessarily be satisfied simultaneously. Especially a fatigue-resistant fall is a serious 
problem, in order for several [ of the strand which constitutes a steel code fi-om load loaded condition, such as a tire by 
repeat bending in the rubber goods on which bending acts repeatedly ] to fi-acture, and for it to progress to code fracture, 
as a result to be connected with the fatigue breaking of rubber complex, i.e., a tire. 

[0005] Then, it is in the purpose of this invention offering the steel code which was compatible in the fatigue resistance 

which was excellent with high tensile strength, and its manufacture technique. 

[0006] 

[Means for Solving the Problem] Artificers about the relation between the tensile strength of the strand which constitutes a 
steel code, and fatigue resistance If for example, the degree of wire drawing of the strand which constitutes a steel code is 
enlarged as a result of repeating a study in a steel code zealously using the wire rod usually used, and tensile strength is 
raised As a result of the way of the workability of the cortex section becoming high compared with the core of a strand 
and the ductility of the cortex section falling so that it becomes the degree of high wire drawing, when it examined by a 
strand twisting, it found out that it was in the few inclination which is twisted and is ft*actured by the number of times. It is 
important to raise the tensile strength of the whole strand to increase the tensile strength of a strand, and, for that, it is 
required to perform a wire drawing even to the interior of a strand. 

[0007] This invention is the steel code which twisted two or more strands which consist of high-carbon steel, namely, this 
strand The diameter D (mm) and tensile-strength T (kgf/mm2) The following formula (I) Are in the relation to satisfy and 
it centers on the shaft of a strand. Abundance ratio R of a field to a field (01 1) (1 1 1) in the interior of a strand which 
occupies 50% of the volume is related with tensile strength T of a strand, and it is the following formula (2). It is the steel 
code for rubber goods reinforcement characterized by being satisfied. 
[Equation 3] 

230- 1481ogD — (1) 
R^O.009 T-0.3 (2) 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/19/01 



Page 2 of 4 



[0008] This steel code to the wire rod for steel codes which consists of high-carbon steel true-strain epsilon produced in a 
wire rod in case a reduction of area gives 90% or more of a wire drawing -- 2.0 As for the wire drawing of a domain, a 
manipulation depth uses 60% or more of one or more dies, up to -- True-strain epsilon is 2,0. A manipulation depth uses 
30% or more of one or more dies, and the wire drawing of the domain which surpasses can manufacture them 
advantageously by twisting two or more [ which ended and obtained the last wire drawing / of a strand ]. 
[0009] 

[Function] It can be considered that especially contribution of the degree of wire drawing is large, and the tensile strength 
of a strand is proportional to the degree of wire drawing mostly although it mainly depends on the tensile strength of the 
wire rod after the last heat treatment, and the subsequent degree of wire drawing for the tensile strength of the strand 
which constitutes a steel code. However, an upper limit is in the degree of wire drawing, and the wire drawing which can 
give high tensile strength, without disconnecting in order to disconnect in the middle of a wire drawing, if the high 
manipulation beyond it is performed will be restricted to a very narrow domain. Therefore, the tensile strength of a strand 
will be proportional to the diameter of a strand. 

[0010] Oblique-line field, i.e., T<, since tensile-strength T (kg/mm2) of the strand which constitutes the code currently 
produced commercially has an upper limit in the degree of wire drawing as mentioned above as the relation between the 
diameter of a strand and tensile strength is shown in drawing 1 It is in 230-1481ogD. 

[001 1] On the other hand, if the strand of T>= -230-1481ogD is obtained, sufficient strong force for a code can be given, 
therefore lightweight-ization of rubber goods can be attained. Then, let tensile-strength T of the strand which constitutes a 
code be the domain of T>= 230-1481ogD in this invention. When applying to the rubber goods with which a cruel service 
condition like especially a tire is imposed, it is desirable to make tensile-strength T into the domain of T>= 240-1641ogD. 
[0012] Since the strand which has the above high tensile strength has the fatigue-resistant remarkable degradation on the 
theory mentioned above when tensile strength was raised to T>= 230-1481ogD, although it could manufacture in 
laboratory, the present condition is having come to obtain the product code in a industrial scale. That is, since the fatigue 
resistance which is sufficient for practical use though high tensile strength is given is unmaintainable, the code of tensile 
strength high after all is not produced commercially. 

[0013] When tensile strength was raised, since it originated in the blemish sensitivity of a strand cortex becoming high, 
especially the phenomenon in which fatigue resistance would fall if tensile strength is raised to T>= 230-1481ogD was 
variously examined about a means to suppress elevation of this blemish sensitivity. Consequently, formula which 
abundance ratio R of a field to a field (01 1) (11 1) in the interior of a strand which occupies 50% of the volume focusing 
on the shaft of a strand described above about tensile strength T of a strand (2) That it is satisfied studied that it was very 
advantageous to a fall of a blemish sensitivity. 

[0014] It is the formula (2) which specifically described above abundance ratio R of a field to a field (01 1) (1 1 1) in the 
reverse pole figure by the X-ray diffraction method inside a strand. Though high tensile strength is offered in order that 
the compressive stress at the time of a wire drawing may work even to a strand core by considering as a domain, a blemish 
sensitivity is low, therefore the strand excellent in fatigue resistance can be obtained. 

[0015] About the strand of ** to ** shown in drawing 2 , it is JIS. G3522 piano wire and 6.2 When it twisted and ****** 
was measured according to the examination, that the **** property is inferior and there is a problem practically made 
clear the strand of** to ** by which the wire drawing was carried out by the die pass schedule with a low manipulation 
depth. Then, the following formula was experimentally drawn as a field excellent in tensile strength and ****** from the 
relation between abundance ratio R of the field over a field (01 1) (1 1 1) in the interior which occupies 50% of a volume 
focusing on the shaft of the strand shown in drawin g 3 , and tensile strength, and the relation of ****** and tensile 
strength which were shown in drawing 2 . 

R>=0.009 T-0.3 " in addition, the ground which limited measurement of the abundance ratio of a field (1 1 1)/(01 1) field 
to 50% volume inside a strand is for seeing the effect of the manipulation depth at the time of a wire drawing that is, 
although the manipulation depth came out and there was to the radius of a wire rod, it corresponded to about 50% 30% 
when making it the volume, and the interior of below 50% volume inside a strand could also be measured, it could be 50% 
from the creation of a sample, and the point of the accuracy of measurement Moreover, it is this abundance ratio R 
R>=0.007 T+0.7 A domain, then the strand of still high ****** can be obtained, the open circuit at the time of a stranded 
wire can be avoided, and the fatigue resistance in a code may be improved more. 

[0016] Next, formula which described abundance ratio R above (2) As for the concrete technique made into the domain to 
satisfy, it is good for a wet continuity wire drawing to perform the last wire drawing. First, the temperature rise of a strand 
by generation of heat accompanied by a wire drawing is stopped by performing a wire drawing in a lubricant. 
Furthermore, a manufacture of the strand which offers high tensile strength and is excellent in fatigue resistance is attained 
by regulating the wire-drawing conditions of the last wire drawing as follows. 

[0017] That is, in order to change with the degree [ of approach angle ] alpha of the reduction of area and each die in each 
die and to equalize the degree of wire drawing of the cortex section of a strand, and the interior, as for the degree of wire 
drawing of a strand, it is advantageous to adjust the wire-drawing depth with consideration to an above-mentioned 
reduction of area and the above-mentioned degree of approach angle. 

[0018] This wire-drawing depth is x(XA') 100, when it sets to Y distance from the front face of the wire rod which came 
out of the die to a wire rod center and distance from the summit of two equilateral triangles which make a base the fraction 
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to which the wire rod is in contact with the approach section of the die of degree [ of approach angle ] alpha to the wire 
rod front face by the side of die appearance is set to X in a wire drawing, as shown in drawing 4 . It is shown. This wire- 
drawing depth turns into the scale which presumes in simple the degree in which a wire rod receives deformation at the 
time of a wire drawing. For example, degree [ of approach angle ] alpha A reduction of area at 4.5 degrees When it is 
27.06%, it is a wire-drawing depth. It becomes 100%. 

[0019] And formula which described abundance ratio R above (2) In order to consider as the domain to satisfy True-strain 
epsilon produced in a wire rod is 2.0. The wire drawing of the domain of until The above-mentioned manipulation depth 
uses 80% or more of one or more dies preferably 60% or more. The wire drawing of this manipulation depth is given to a 
wire rod, and true-strain epsilon is 2.0. 30% or more, a manipulation depth uses 60% or more of one or more dies 
preferably, and can attain the wire drawing of the domain which surpasses by giving the wire drawing of this manipulation 
depth to a wire rod. Tensile strength can be raised, without receiving an almost equivalent wire drawing and sacrificing 
fatigue resistance the cortex section and inside a strand, by passing through the above die. In addition, wire-drawing true- 
strain epsilon is [Equation 4]. 

e = 2 In (do /d t ) 
fzfzL. In : g^i^^Jt 

do : mm(Dm^^&m 
d. :imm(Dmumm 



It comes out and defines. 

[0020] In addition, although it is not necessary to regulate especially, the conditions of the patenting treatment which 
precedes the above-mentioned wire drawing, therefore since it is compatible in the enhancement in the tensile strength of 
a strand, and a fall of a blemish sensitivity, it is desirable to make a pearlite grain size number or more into nine by ASTM 
grain-size-number number. Moreover, as for decarbonization of the wire rod surface section, preventing as much as 
possible is desirable. 
[0021] 

[Example] Diameter of 5.5mm After carrying out the wire drawing of the wire rod for steel codes even to a predetermined 
wire size by the dry wire drawing, the last patenting treatment was given and, subsequently the strand was manufactured 
with the continuity wet-drawing machine. The carbon content of a wire rod and the last patenting conditions, and the 
results of an investigation of the wire size of the obtained strand, tensile strength, and a rotation bending fatigue limit are 
shown in Table I, respectively. 
[0022] 
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0.18 


0.18 


0.25 


0.18 


7^y/y h<D^m^^ (kgf/inin') 


406 


379 


416 


410 


408 


378 


397 


401 


(kgf/ran^) 


131 


102 


135 


137 


135 


105 


133 


134 
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1, 1 1 1 ^ \S}x V. U 1 w \B^\T^x*^lJl\ 


0. 0 


9 


4 0 


3 9 


4.0 


2. 9 


3.8 


3.9 


im®R= 0.009T-0.3 


3.35 


3.11 


3. 44 


3. 39 


3.37 


3.10 


3.27 


3.31 


ifmm= 0.007T+0.7 


3.54 


3.35 


.3.61 


3.57 


3.56 


3.45 


3. 48 


3.51 



[0023] In order that experimental run numbers 7 and 8 may make detailed the pearlite block size of the wire rod after the 
last heat treatment in Table 1, it is a heating rate in the case of the last patenting treatment. : 200 degrees C/[ in s ] It 
heated to 900 degrees C, and after having quenched the wire rod to 50 degrees C and making it into perfect martensitic 
structure after solution-izing, the various patenting treatments succeedingly shown in Table 1 were given. The die pass 
schedule in a wet-drawing machine was performed according to the passes A, C, D, and E shown in drawings 5 and 6. 
Moreover, the wire drawing according to the passes B and F which serve as a wire-drawing depth of the same grade as a 
comparison was also performed. 

[0024] In addition, abundance ratio R of a field to a field (01 1) (1 1 1) in the reverse pole figure by the X-ray diffi-action 
method inside a strand was measured as follows. Namely, what arranged the strand which carried out the lysis elimination 
of the bias plating in the sample which measures the cortex section of a strand that there is no opening in parallel, and was 
made into the square whose one side is 28mm is offered. After carrying out the lysis elimination of the bias plating at the 
sample which measures the interior, it melted to the wire size from which the volume of a strand becomes 50% in the 
nitric-acid aqueous solution ftirther, the chemical polishing was performed with the mixed liquor of a pyrophosphoric acid 
and a sulftiric acid after that, and what was subsequently arranged in the square whose one side is 28mm that there is no 
opening in parallel was offered. It is 150-200 as a standard sample. It measured by the 2theta-theta method, having used 
the electrolytic iron powder of a mesh, having combined horizontal-type ****** and the rotation sample base with 3kwX 
line generator of ****** Science at the measuring device, and having used the sample side normal as the specific 
orientation. The result is as being shown in Table 2, therefore (Oil) abundance ratio R of a field to a field (1 1 1) is shown 
by F/E. 



[0025] 
[Table 21 










(Oil) 


a 


C 


E= (c/a) 


(111) 


b 


d 


F= (d/b) 



[0026] Moreover, predetermined bending stress is applied to a strand by the rotation bending fatigue tester, and 
measurement of a fatigue limit is 106. Bending stress was applied to the strand after rotation, the skin bending stress 
which a strand does not fracture was measured, and it considered as the fatigue limit. 

[0027] Furthermore, the steel code of 1x5 structure which twisted separately five strands of the experimental run numbers 
1 and 2 of Table 1, respectively was manufactured. It is JIS about these steel codes. Reference 1.3 of LI 01 7 The strip-of- 
paper-like test piece laid under the rubber based on the fatigue-strength A method of a publication is created, and it is 106. 
After performing a time . flex test, the fracture status of the strand which constitutes a steel code was investigated. 
Consequently, as for the code which used the strand of the example of a comparison, fracture of a strand had happened 
everywhere to nothing having been [ whose fracture of a strand ] that there was nothing as for the code which used the 
strand of an experimental run number 1 . 
[0028] 

[Effect of the Invention] The equipment or the fixture which are used in case it can also improve endurance while it can 
carry out [ lightweight ]-izing of the rubber goods, since the steel code of this invention has the fatigue resistance which 
was excellent with high tensile strength, and the wire drawing of the strand of a steel code is carried out do not need to use 
a special thing, and are economically advantageous. Since it excels in the **** property, having still high tensile strength, 
in case a strand is twisted and it is made a steel code, an open circuit is not generated and the productivity of a stranded 
wire is not checked. 



[Translation done.] 
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